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M r .  Tom H a l l  
OSHA Division of Consumer A f f a i r s  
U . S .  Department of Labor, Room N-3635 
3rd S t r e e t  & C o n s t i t u t i o n  Avenue, N.W. 
Washington, DC 20210 

Dear M r .  H a l l :  
R e :  Docket H-022 - 

On August 31, 1982, t h e  USWA submitted a l a r g e  packet  of post-  
hear ing evidence t o  t h e  record  of  OSHA's  rulemaking on "hazards 
communication. S ince  t h a t  t ime,  w e  have r ece ived  s e v e r a l  a d d i t i o n a l  
documents which w e  b e l i e v e  t h e  Agency could f i n d  u s e f u l  i n  i ts  de l iber -  
a t ions .  Therefore ,  w e  are t a k i n g  t h e  l i b e r t y  of submi t t ing  them i n  
quadrupl ica te  t o  the  record .  We stress t h a t  these documents were 
received by us only  a f te r  the  September 1 deadl ine.  They are:  

1. Vainio : "Inhalat ion a n e s t h e t i c s ,  an t i cance r  drugs and 
s t e r i l a n t s  as chemical hazards  i n  hospi ta ls ;"  Scand ;I work environ 
hbaltHi; Vo.1. 8 ,  pp. 94-107 (1982). 

2. A DuPont material sa fe ty  d a t a  shee t  on formaldehyde. We 
rece ived  t h i s  from a chemical d i s t r i b u t o r  on September 10 of t h i s  
yea r ,  a l though w e  had reques ted  it seve ra l  months earlier.  You w i l l  
no t e  t h a t  it does n o t  con ta in  any ind ica t ion  t h a t  formaldehyde is a 
carcinogen (al though it does no te  t h a t  the  carcinogen bis-chloromethyl 
ether can be formed i f  formaldehyde is mixed w i t h  hydrochlor ic  acid).  
We do not ye t  know whether t he  m a t e r i a l  safety data sheet is out  of 
date, o r  whether it reflects DuPont's cu r ren t  t h i n k i n g  on formaldehyde, 
but  w e  suspect  t h e  first explana t ion  is more a c c u r a t e ,  s i n c e  t h e  
attachment t o  t h e  MSDS is da ted  7/79. In  e i ther  even t ,  t h i s  MSDS 
communicates inadequate  information and demonstrates  t h e  need f o r  
unambiguous hazard de te rmina t ions ,  f requent  updat ing ,  and coverage of 
chemical d i s t r i b u t o r s  in a d d i t i o n  t o  chemical manufacturers .  

S i n c e r e l y  yours ,  

bfw/ccz I ndus t r i a1 Hy g i en i s t 
Safe ty  and Heal th  Department 

cc: Adolph E. Schwartz . 
Mary-Win O'Brien 
Peg Seminario * 

PRINTED IN U.S.A. 



Synonyms Fornial in ,  &thana1 

CAS Name Formaldehyde 

1.0. Nos.:Codes N I O S H  Registry No. LP 89250 

hlanufaclurer/Oistributor . 

Address 

Wiswcsser Line Notation VHH ' 

E. I. du P v n t  de tiernours & Co., (Inc.) 

Wilnington, DE 19898 

HAZARtIOUS COMPONENTS 

Materir?l(s) -- . 
USP 37-7 
USi' 3 7 - 1 I, 
LN Gr2,:!cs 

FiRE AND EXPLOSION DATA 

iFlash Point 6fJ-831c Method TCC 
! Flm.mable Lints in Aii. 7% by Vol. 
[Fire and Explosion Huards Conihus t i b l e  
i 

Chemical Family Aldehp6e 

CAS Registry No.': 50-00-0 
t 

Product Information'and Ernerpncy Phone 
(302) 774-2421 

Transportation Emergency Phone 
(800) 424-9300 

.rlp!proxirnate ?& 
Formaldehyde 37% Xethanol 7% 

I 1  

I 1  
37% 11% . I 1  . .  

' I ,  , 37-52% 0.9-1.3% 

OctanollWater Partition Coofficierrt Log P = 0 

Autoignition Temperature 424' C ,  79.5'" 
Lowor 7 Upper 73 

Extinguishing hicdin Water  ~ "Alcohol" Eorun, dry chemical, carbon dioxide 

lSpzc~al Fire FigMng Instruc!ions Wear self-contained b r e a t h i n g  apparatus .  
I water s p r a y .  I 

i 
cool container r z i t h  

H ,434 H DQU S RE ACTI V K V  



. .  . .  

i . .  . ExWsuraijmits OSHA 0 hour Time Weighted Average, IWA = 3 ppm; Ceil . ing = 5 ppm 
ACGIl I  'TLV.. = 2 ppm (Ce i l ing )  

. . .  
Aoulasof Exposuro and Effecs Causes eye burns; effects n:ay be delayed. Harmful i 5  illhctled Or 

absorbed through s k i n .  
cause bl indness  i f  swallowed; cannot be made non-poisonous. 

Nay cause allergic skin r e a c t i o n .  USP grades may be fatal o r  
: :*+...- . 

- .  . . .  . . .- 

. . .  
. .  

. . . . .  .. . . ,. 

. .  
% 

Firs: Aid SEE FORMALDEHYDE ATTACHPENT 

P R OTECTt 0 N I M FO R MATI 0 M 
Venti:a!icn k i n t a i n  adequate  v e n t i l a t i o n .  , '. .. . . .  
Perscnal Prctcctive Equipment Covera l l  chernlcal s a f e t y  goggLes, rubber gloves,  boots  or 

Olher ;. - overshoc:; . 
. .- 
. .  

D I s P os;4 L. P R 1:) c E I:! fJ R E 5 
Aquaic Tsxicity 

Spi!l. <t?alc c.r Releaso 

Waste Disposal 

yk,, 36:  100-10 ppn; 

SEE FORELiLDEHYDE ATTnClWXNT 

SHIPPING PRECAUTIONS . 

I Transportation / 

I Shipping Containers 

I Storage Conditions 

i 
SEE FORMALDEHYDE !\T.CACHMEIJT 

FI €FER E r\I C ES A N  D ADD 11'1 0 RIAL I P.1 FOR MATI 0 N 
Do n o t  get: in eyes. 

For more i.nformation r e f e r  t o :  
Du Pont Forn;alclehyde Properties, Uses, Storage & Handling B u l l c t i p .  

Avoid breathing vapor, m i s t .  Avoid c o n t a c t  with skin o r  clor1ling. 1 Wash thoroughlv a f t e r  handling. Wash contmina ted  c l o t h i n g  thoroughly becore reuse. 
I 
! 
1 

Du Pont Formaldehyde Data Sheet 
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' First Aid 
. . .  . , :. 

...._, . .  . .  : 
. .  
. .  

. , .. . %  

In case of eye c o n t a c t ,  call a physician. Immediately flush eyes with pLeI\ty of 
water f o r  at 1eas.r 15 minutes.  
soap a n d  water and f lush  with p l e n t y  of water for a t  least 15 ninutes .  
reinme. t o  fresh  'air. 
t o  mouth. If breathing is difficult, give  oxygen, Call a physician.  If swallovcd, 
induce vor:titing inunediately by giving 2 glasses  of  water and sticking finger down 
. t h roa t .  

I n  case of sk'in C O R t a C t ,  h e d i 2 t e l y w a s h  s k i n  w i t h  
If inha led ,  

I f  n o t  brea th ing ,  give a r t i f i c i a l  r e s p i r a t i o n ,  p referab ly  mouth 

Call a physician. Never give anything by mouth- to an  uaconscious person. 

DISPOSAL PROCEDURES 

Aquatic Toxici ty  

TLm 96: 100-10 ppm 

S p i l l  Leak or Release ... 

P boqi.y 1zi.th Federal,  S t a t e  d Local i:egulations. I f  apyrcved, flush t o  chenj.cal 
sewer, i n c i n c r n t e ,  dispose ir. s a n i t a r y  ZRndfiLl, or flush t o  wnstc water trentmeni: 
s y s t m .  
waste treatmznt systems; water spray or  fog  will help absorb escciping fumes, See 4 0  
CFR 116. 

D i l u t e  s o l u t i o n s  w i l l  be  h a i d l c d  by biochemical action i n  forrnaldchyde adapted 

S !I1 PP XXG P W,Ct\UTIO NS 
/ 

Transpor tat!= 

DOT Shipping name - Formaldehyde or Formalin solution. DOT IIasard Class = 
Cor:ibustibLe l i q u i d  ( i n  c o n t a i n e r s  over 110 ga l lons) ;  OUl-A (in conta iners  of 110 gaUoas 
01: l ess ) .  STCC Code = 231 8141. UN NO. 1198. 

Shippinq  Containers 

Railroad tank c a r s ,  taEk t rucks,  drums. 

S t:orar+e Conditions 
-.A- 

Keep container closed,  Keep away from heat and open f l m e .  Score i n  testcc:f 
or warn roo:n, above minimum storage tempera ture  for  gc:xlc i:nl:..ti?.cd 
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. Scand j work enltirorr heaZlh 8 (1982) 94-107 

Inhalation anesthetics, anticancer drugs and 
sttirillants as chemical hazards in hospitals 
by Harri Vainio, MD' 

VAIN10 €1. Inhalation anesthetics, anticancer drugs and sterilants as chemical ws 
in hospitals. Scand j work mulron health 8 (1982) 94-107. In recent years, &ere has 
been a considerable iucrease in the use of chemicals (chemical sterilanls and antimicro- 
bial agents, antineoplastic drugs, and anesthetic gases) in hospitals. The possible 
existence of occupational health hazards has often becn overlooked iri light of the 
great advantages provided by the use of chemical agents. It appears that certain 
hospital sectors, such as anesthesia units, sterilizing units and oncology units, require 
different dcgrees of caution and protective measures with respect to the handling ot 
chemicals. The scientific evidence on which recommendations should be based is, in 
most cases, fairly meager; until more is known about the hazards, it would be prudent 
to minimize the occupational exposure to chemicals in hospitals. 

Key terms: carcinogenicity, ethylene oxide, formaldehyde, halothane, hexnchlorophenc, 
mutagenicity, nitrous oxide, rcproductivc hazards, spontaneous abortions. 

' 

Many chemical agents have been and are 
being used in hospitals as anesthetics, 
chemical sterilizers, drugs, cytostatic 
agents, etc. Some of these chemicals 
(particularly chemical sterilants and some 
cytostatic drugs) arc highly reactive chcm- 
ically. Others, such as anesthetic gases, 
act on lipid membranes. Until recently, 
little thought has been given to the pos- 
sible adverse health effects of occupational 
exposure to chemicals in hospitals. This 
review examines the occupational health 
hazards of the types of chemicals most 
frequently used in hospital facilities. 

INHALATION ANESTHETiCS 

Properties and occurrence 

Inhalation anesthesia was first introduced 
in  1842. Since then, many different chem- 
icals have been used as inhalation anesthe- 
tic agents. Although the possible health 
hazards of occupational exposure to 

anesthetic agents have only recently 
aroused interest [see the reports of Edling 
(22) and the ITationnl Institute for Occupn- 
tional Safety and Health (G5)], more atten- 
tion has been paid to the physicachemica1 
propcrlies of suck aiicsthctic agents. 

At room tenigerntrirc and room pressure 
inhalation anesthetics arc either g,?scs or 
volatile liquids. The only. gas in wide- 
spread use is ni t row oxide: Other com- 
monly used anesthetics are either' halo- 
genated ethanes or ethers. Diethyl ether, 
divinyl ether chloroform, trichloroethy- 
lene, and fluroxane are either flammable 
or considered so toxic that most countries 
have stopped using thcm. 

The halogenation of aliphatic hydro- 
carbons decreases their volatility and 
flammability and, in some cases, increases 
their lipid solubility. Polyhalogenated 
compounds a r e  also more stable than 
monohalogenated compounds. 

The uptake and the clearance of inhala- 
tion anesthetics have recently been re- 
viewed (29). The metabolism of these 
agents has- been consideird in another 

1 Department of Indiistrial Hygicne and Toxi- 
cology. Institute of Occupational Health, review @*)* 
Helsinki. Finland. Anesthetic agents have not only been 

found in the ambient air of operating Reprint requests to: Dr €I Vainio, Institute 
of Occup.?tional Health, I1o:irtmnninkatu 1, but in 'he ambient air Of 
SF-00290 Helsinki 29, Finland. cavcry rooms, delivery rooms, and dental 
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snrgery rooms [see Tolonen (84)]. The con- 
centration of anesthetic waste gases and 
'~apors depends on ,a  variety of factors, 
including the method and technique of 
anesthesia and the specific scavanger 
operations done. The level of halothane 
frequently found in older operating rooms 
varics between 1 and 70 ppm, and the 
concentration of nitrous oxide frequently 
ranges from 400 to 3,000 ppm. In newer 
facilities with better systems of general 
ventilation, appreciably lower eoncentra- 
tions have been measured. But occasional- 
ly, some high peak exposures can occur, 
eg, during intubation or when a face mask 
is used. . 

Since the potential health hazards of 
inhalation anesthetics have been recently 
summarized (22, 65), I will not give an 
exhaustive literature review. However, 
I will discuss those adverse health hazards 
that are the most important from the point 
of view of occupational exposure. 

Hazards to reproduction 

The first hint that the personnel of operat- 
ing rooms might be exposed to health 
hazards came from a Russian study by 
Vaismnn (87). He had sent a @mtionnaire 
to 354 Iiussian anesthetists (of whom 28 O/U 

uscd Iialothanc, 59 V o  nitrous oxide, and 
98% ether) and had analyzed 303 replies. 
Thc fact that only 7 of 31 pregnancies 
among these doctors were trouble-free 
stimulated researchers in other countries 
to carry out similar surveys. The main 
concerns of thcse studies have been 
spontaneous abortions and malformed 
children (tables 1 & 2). 

The stnndard approach of each study 
has been to use a register to identify a 
group of exposed persons. who are then 
sent questionnaires inquiring about the 
past occurrence of the topics under study. 
These studies have provided reasonably 
convincing evidence of an increased risk 
of spontaneous abortion among exposed 
women @ut not among the wives of ex- 
posed men). 
A recent American study compared men 

dentists and women chairside assistants 
who used anesthetic gases (mainly nitrous 
oxide) with those who did not (15). The 
study showed a highly significant associa- 
tion between exposure to anesthetic gascs 

and spontaneous abortions among the 
chairside assistants. ' f ie rate rose from 
8.1 per 100 pregnancies among those not 
exposed to 19.1 per 100 pregnancies among 
those heavily exposed. Because the con- 
centrations of anesthetic gases measured 
during dental surgery are several times 
higher than those found in general operat- 
ing rooms, a survey of the pregnancies of 
dentists' wives could be expected to be 
more indicative of the effects of paterna1 
exposure. Interestingly, an association has 
been observed for dentists' wives (6.7 per 
100 for nonexposed husbands vs 10.2 per 
100 for heavily exposed husbands). No 
increase in congenital malformations 
among the children of exposed dentists 
was observed. 
In summary, it is reasonably conclusive 

that operating room staff have an in- . 
creased risk of spontaneous abortion. The 
recent study of dentists and chairside as- 
sistants, together with evidence from ex- 
perimental animals (56), suggests that high 
concentrations of nitrous oxide may be the 
causative factor. 

Soine studies, eg, those by  Cohen et a1 
(13), Knill-Joncs et a1 (51). and Gothe et al 
(359, have reported that the childrcn of 
women exposed to anesthetic gases during 
pregnancy have a higher risk of malforma- 
tions. No increase in congenital malforma- 
tions was obscrvcd ammg thc childrcn of 
dentists exposed to inhnltit ion ancsthetics 
(15), nor did a Sweclish study of women 
operating m o m  personnel find an increased 
occurrence of congenital malformations 
(25). The existing evidence for the in- 
creased risk of the birth of a malformcd 
child is much weaker than the evidence 
for spontaneous abortion. 

Carcinogenicity and mutagenicity 

Some anesthetic agents are known to have 
mutagenic potential [see Baden & Simmon 
(3)]. Halothane, for instance, has been 
found to induce recessive lethal mutations 
in Drosophila (53). Halothane is also able 
to increase the level of nondisjunction in 
Drosophila (11). Furthermore, halothane 
has reactive intermediates that can bind 
covalently to cellular macromolecules (30) 
and are mutagenic in bacterial tests (32). 
It has also been reported that nitrous 
oxide, another commonly used anesthetic 
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gas, increases the number of recessive sex- 
linked lethal mutations in Drosophila (31). 

'hvo retrospective epidemiologic studies 
have been published concerning the deaths 
of members of the American Society of' 
Anesthesiologists during the intervals of 
1947-1966 and 1967-1971 (5, 6). The 
study 02 ' b e  first period suggested that 
anesthetists were at  an increased risk of 
death from tumors of the lymphatic and 
reticuloendothelial systems. No such dif- 
ference was apparent in the later period. 

A third study, done in the United Kingdom, 
folIowcd over 20,000 mcn doctors for up,  
to 20 a (20). Some 1,250 of the docton 
wcre full-time or  part-time anesthetists. 
No excess of deaths from cancer was 
observed, although 5 deaths from 'cancer 
of the pancreas occurred, versus 1.7 ex- 
pected, among the full-time anesthetists. 

In another extensive American study, 
morbidity was followed in a questionnaire 
survey of 73,496 persons. This study found 
a higher frequency of cancer, especially 

Table 1. Surveys on spontaneous abortion among exposed fernales and among wives of exposed 
males. 

SubIects 

Exposed group - Reference group 

Preanan- Abortions Preman- Abortions Reference 

- 

' I n i d  Kingdom In lBT2 
Docton 737 133 18 . 2.150 323 15 KnillJoner et al (si) 
Unned Kingdom in 1975 
Doclon 623 64 18 7.298 Sm' 11 KnillJonos 01 el (50) 
Uniled States in 1971 
Nurses 38 11 28 34 3 9 Cohon et at (12) 
Doctors 37 14 38 Ea 8 10 Cohen et al (12) 
United Slates in 1974 
Nurses I .ax 310 I1 t948 292 15 Cohen e1 a1 (13) . Doctors 460 Bo 17 309 28 S Corbel1 01 al (17) 
Flniand in 1973 - 
Nurses 257 51 20 150 17 11 Roscnberg h Kirves tn) 
Uniled Kingdom in 1973 
Wlvss of exposed doctors 5.fOl 648 11 7,296 C03 11 '<nill-Jones et a1 (50) 
Unilcd Slafer In 1974 
Wives of expoaod nurses i.%O 162 12 54 5 10 Cohen et a1 (13) 
Wivos of exposed doctors 3.416 410 12 1,982 258 13 Corbotl et al (17) - 

- 

Table 2 Malor malformations in chlldren of exposed females and wives of exposed males. 

subjects 

Exposed group Roleronco group 

Infan*- !$ants , 1"#...1. I?!anIs . Reference 
hn, 

Exposed group Roleronco group 

Infants mallormod mallormed Infants Infanls Reference subjects 
born I__ 

IN) ' N (En N *re 
Uniled Kingdom in flpn 

Docton 893 - 2 7  3 1.035 
United Kingdom In 1975 
Docton 436 7 1.6 8.442 
United States in $974 

Doctors 981 XI 5.8 276 
Finland in. 1973 
Nurses 207 0 0  133 

59 3.2 KnillJoner et el (51) 

n 1.i KnillJones et d 0 

1.629 124 7.6 -hen el el (13 Nurses ' 1.480 142 0.8 8 3.0 Corbett et .I 117) 

0 0 Roseenberg L Klwea (77) 

United Klngdom in 1975 
wive¶ oi doctors 5,175 a 1.1 6.442 n 1.1 KnillJoner et at (54 
United Stales in 1974 
Wjves of nurses 1.1m 90 8.2 49 2 3.7 Cohen et at (in 

72 4.2 Corbdt et at (17) W~ves of doctors 2 . w  181 5.4 1.714 ---_._--_ 
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, leukemia and lymphoma (131, among the 
\\.omen exposed to anesthetic gases. No system ' 

Toxic effects in the cen!ral nervous 

such higher frequency was found for the 
men with such exposure. 

In conclusion, the evidence that inhala- 
tion anesthetic gases cause increased can- 
cer risk among exposed persons is still 
fairly limited. Some of the anesthetic 
agents are, however, known to be active 
mutagenically in various test systems. 
Therefore, special attention should be paid 
to the.  epidemiologic surveillance of 
persons exposed to anesthetic agents. 

Liver disease 

Uncertainty about whether halothane 
causes hepatitis has led to much debate. 
Although halothane itself is not directly 
toxic to the liver, its metabolites fulfill 
the criteria for hepatotoxins (30). In many 
animal experiments hepatocellular damage 
has been reported aftcr exposure to high 
doses of halothane and mcthoxylluiane 
(651, and also after long-tcrm exposure to 
low doscs of halothane, isoflurane, and 
diethyl ether (83). However, the only 
available data for man arc the case reports 
of livcr daniage either among patients 
anmthcsizcd with halothanc or among 
aiiesthidists cxposccl to halothane [we, 
Kcliirtg (231. A few con~prchcndvc epide- 
miologic studies have reported an ill- 
crcaqed frequency of liver disease among 
anesthesiologists (13, -14, 65, 82). 

Renal damage 

%lethoxyflurane is known to came renal 
tubular necrosis in experimental animals 
and man (16, 61, 65). The actual cause of 
renal damagc may be the metabolites 
inorganic fluoride and oxalic acid. In- 
creased fluoride concentrations in the 
urine of delivery ward and operating ronm 
personnel have been measured (18). C 1 

survey, done by Bruce et a1 (5), suggest..: 
an increased incidence of chronic rend 
disease as a cause of death among onesthe- 
tists. 

At concentrations of 10 to 500 ppm 
halothane has caused morphologically 
detectable kidney damage in rats (9). 
Scwml volatile metabolitcs of halothane 
are nephrotoxic in mice (79). 

Anesthetic agents are lipid-soIubIc nar- 
cotizing gases or solvents. Thus they also 
have the potcntiaI to cause chronic toxic 
effects in the central nervous system. 
Some of the recent evidence for the neuro- 
tosicity of anesthetic agents has been 
given in a review by Edling (22). The 
central issue is an almost complete lack 
of studies on the chronic neurotoxic effects 
produced after many years of exposure to 
anesthetic gases. 

The results of studies of the acute effects 
on the central nervous system are some- 
what contradictory. Korttila et a1 (52) 
found no impairment in the driving skius 
of nurses after occupational exposure to 
halothane (0-43.1 ppm) and nitrous oxide 
(100--1,200 ppm). A Swedish study of 
32 anesthetic nurses found a tendency 
towards poorer perfoimance on psycho- 
.logical tests in a high exposure group (41). 
Cohen et a1 (15) reported that dentists and 
chairside assistants exposed to nitrous 
oxide had a 1.8-fold to 4.4-fold increase 
in nonspccific ncurological symptoms 
(tingling, numbness, and muscle wealmess) 
when compared with collcngucs without 
long-term exposure to subaiicsthctic levels 
o€ nitrous oxide. In expcrimental auimals, 
halothane has been shown to cause clrunagc 
to the central nervous system at conccntra- 
tions as low as 8-12 ppm (8, 76). Layzer 
(57) collected data about 15 cases of nitrous 

, oxide neurotoxicity in the United States. 
Twelve of thcse involved dentists who had 
repeatedly administered nitrous oxide to  
themselves and who had also been exposed 
to the gas during their occupational activ- 
ities. Neurological examinations revealed 
sensorimotor neuropathy and a picture 
similar to that of subacute, combined 
degeneration of the spinal cord (58). 

Other health hazards 
Anesthetic gases have repeatedly been 
shown to depr'ess the immune response 
[for a review, see Graham (36)].' Both 
nonspecific and specifis immune responses 
can be affected. . However, at  present, 
scientists do not sufficiently understand 
the impact of thesc effects on health. ' 

Various studies suggest that long-term 
exposure to  nitrous osidc can causc both 
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impaired mctabolism of vitamin B,? and 
. the production of tetrahydrofolate (2). 
Thesc findings may explain a syndrome 
(which involves early sensory complaints, 
loss of balance, leg weakness, gait ataxia, 
impotence, and sphincter disturbances) 
that develops in individuals exposed to 
nitrous oxide for long periods of time (57). 

. 

Summary and recommendations 

Evaluating the risks associated with long- 
term exposure to low doses of anesthetics 
is a difficult matter of immediate concern. 
At present, it can be stated with reason- 
able conclusiveness that operating room 
personnel have an increased risk of 
spontaneous abortion. Furthermore, there 
is reason to believe that nitrous oxide is 
the causative factor., This does not mean 
that other anesthetic agents, eg, halothane, 
should be regarded without suspicion. 

Intermittcnt exposure to high concentra- 
tions of nitrous oxide can apparently in- 
duce lesions indicating interference with 
the metabolism of vitamin BE The other 
effects are more controvcrsial. Thc in- 
creased risk of exposed wo-men having 
malformed children, the incrcaserl risk of 
spontaneous abortion among women whosc 
husbands have been exposed to anesthetic 
gases, and the chronic effrcts on thc 
central nervous system, thc liver, and the 
kidneys all need further evidcnce and 
support before they can be considered con- 
clusive. 

In view of the suggestive evidence of 
problems associated with long-term ex- 
posure t o  anesthetics, a prudent health 
policy would be to strive to use the techno- 
logy currently available for the reduction 
of occupational exposure to all anesthetic 
agents. 

ANTICANCER CHEMOTHERAPEUTIC 
DRUGS 

Properties and occurrence . 

Cancer chemotherapy, a relatively new 

of triethylenemelamine since 1954, and 
that of cyclophosphamide since 1966 [sec 
thc report of Schmal (78)]. The possible 
genotoxic health cffects of these drugs and 
their carcinogenicity, mutagcnicily, and 
teratogenicity have sincc reccived increas- 
ing attention. During recent years the 
number of reports 011 the formation of sec- 
ondary tumors after cytostatic treatment 
has increased (1, 39, 71, 00). 

Mutagenicity, carcinogenicity and 
teratogenicity 

Rodent carcinogenesis bioassays have pro- 
vided ample evidence that the alkylating 
agents, as a class, are potent carcinogens 
in animals (table 3). In mice and rats, 
'nitrogen mmtard, triethylenemelamine, 
chlorambucil, melphalan, and cyclophos- 
phamide have induced pulmonary tumors 
and, in some instances, other tumors such 
as sarcomas, lymphomas, and leukemia. 
Some antimetabolitcs are also carcinogenic 
in animals, although it is not clear whether 
this carcinogenicity represcnts a dircct 
oncogenic eflect. Thus many of the alkylat- 
ing agents, many of thc antitumor anti- 
biotics, and some of the antitumor anti- 
nietabolites are carcinogcns in animals. 
T w o  synthetic ;.ntitumcir agents (methyl- 
nitrosourea and procnrbazinc) are also 
strongly carcinogcnic. The case reports 
and clinical surveys describing the 
emergence of a second tumor after chemo- 
therapy for an original tumor provide 
somc evidence, albeit circumstantial, that 
these agents may have similarly carcino- 
genic efEects on man. 

Alkylating agents are very reactive 
towards molecules with negative charges 
(nucleophilcs) such as ionized carboxylic 
and phosphoric acids and thiols. Alkylat- 
ing agents are also highly reactive towards 
molecules with negative areas duc to the 
presence of amine groups. These agents 
react with many biological constituents, 
ineluding nucleic acids and proteins. 

Amino acid antagonists inhibit the syn- 
thesis of protein. A few amino acid anta- 

means of treating cancer, came into use gonists (eg, mercaptopurinc, methotrexatc, 
around the end of the 1 9 4 0 ~ ~  when nitrogen and aminopterin) are both teratogenic and 
mustard and its derivatives were intro- mutagenic. Spindlc poisons which are 
duced. The carcinogenicity of HN,, has been both teratogenic and mutagenic include 
recognized since 1949, thc carcinogenicity 
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Anticancer drugs and the liver 

me liver plays a prominent role in the 
r metabolic activation and degradation of 

many antineoplastic agents (table 4). Thus 
the occurrence of clinical liver disturban- 
ces among patients treated with antinco- 
plastic drugs has become an important 
problem. Simultaneously, increasing em- 
phasis is being placed on the possible 
hepatic effects of long-term, low-grade 
occupational exposure among hospital 
personnel. Menard et al(63) have recently 
published a review of the effects of 
antineoplastic agents on the liver. 

Most clinical rcports published on the 
hepatotoxicity of antineoplastic drugs do 
not even consider all othcr possible caw= 
of liver toxicity. Therefore the assessment 
of the hepatotosicity is necessarily some- 
what arbitrary. 

Once anlineoplastic drugs have shown 
hepatotoxicity in patients, the medical 
surveillance of the personnel of anticancer 
units should be intensified. 

Occupational health hazards 
The handling of cytostatic drugs by; hos- 
pital personnel may constitute an occupa- 

Table 3. Summary of commonly used anticancer agents with carclnogenlc, mutagenlc, teratogenic. 
or Immunosuppressive effects3 [M = mouse, R = rat. Mk = monkey, Rb = rabbit, H = hamster, 
BCNU = l.Sbis(2 chloroethy1)-1-nitrosourea]. 

Drug class 

Alkylating agents 
BCNU 
Busulfan 
Chlorambucil 
Cyclophosphamide 
Dibromomannitol 
Nitrogen mustard 

Trieihylenemelamine 
Cis-dlamminedichloro- 
platinum (11) 

Actinomycin D 
Adrianmycin 
Asparaginase 
Bleomycin 
Daunomycin 
Mithrarnycin 
Mitomycin C 
Streptozotocln 

Antimetabolites 
Cytosine arabinoside 
5-Fluorouracil 
6-Mercaptopurine 
Methotrexate 
GThioguanlne 

Mitotic Inhibitors 
Vincristine 
Vinblastina 

Miscellaneous 

. Phenylalanine mustard - 
Thiotepa -- 

. .  Antibioiics 

Hydroxyurea 
DTlC 

R 
M 

M + 
M 

M -I- 
M 

-I- 

: 

M. R M 
R 

R 
M, R 
M, R M 

- + 
+ - 

4- 
L 

M, R M 
M. H 

M 

M 
M. R M 

Procarbazlne M. d. Mk 

R 
R 

M, R 
M, R, Rb 

M, R 

M, R 
M, R 

R, Rb 
R 

R 
R 

R 

R 
M. R. Mk 

R 
R. Mk 

M. R. H, Mk 
M, R, H, Mk 

R. H. Mk 
M, R, Rb 

R 

+ + 
4- 

+ + 
i- 

4- + + + + 

-!- + + + + 
+ + 
+ + 

Data summarized from Sieber b Adamson (80). Weisburger et al (91). Harris (40). Adamson i?, 
Sieber ( I ) ,  and Guarino (37). 
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tional health hazard. One way of assessing 
the individual's possible exposure to 
mutagenic or carcinogenic agents is to 
analyze chromosome damage and sister 
chromatid exchanges (SCEs) in peripheral 
blood lymphocytes. 

All the drugs which bind to deoxyri- 
bonucleic acid (DNA) or give rise to struc- 
tural DNA damage secxn to increase the 
frequency of SCES, whereas cytostatic 
agents interfering with the precursor 
supply of DNA synthesis have no such 
effect. A few exceptions to this rule, how- 
ever, do exist. For instance, actinomycin 
D and bleomycin either bind to DNA or 
cause chromosome aberrations in vitro, but 
they have not been shown to induce SCEs 
in vivo (55). 

Results from several in vitro-studies 
with human lymphocytes suggest that 
mono- and bifunctional alkylating agents 
such as mitomycin C, chlorambucil, 
thiotepa (a), and busulphan 148) cause a 
marked increase in the frequency of SCES, 
but two antimetabolites (methotrexate and 

cytarabine) and one antitumor antibiotic 
(bleomycin) have no such cIfcct (fig). 
. Two studies have bccn performcd on 
hospital personnel who handle cytostatic 
drugs. In a Finnish study, Norppa et a1 
("0) found an increased frcqucncy of sc& 
in the blood lymphocytes of nurses hand- 
ling cytostntic drugs. The nurses \\*ere 
compared with a group of office workers. 
The nurses in oncology wards also hod a 
higher frequency of SCES. than other hos- 
pital nurscs, but this difference was not 
statistically significant. The frequency of 
SCEs among patients receiving cytostatic 
drugs was highly increased. Waksvik et a1 
(89) showed that a group of 11 nurses 
handling cytostatks in a cancer clinic had 
a small but significantly increased fre- 
quency of SCES in their peripheral blood 
lymphocytes when compared with a group 
of ten female hospital clerks. 

The urine of nurses with an increased 
frequency of SCEs in their lymphocytes 
also had increased mutagenic activity 
when compared with office personnel (28). 

Table 4. Classification of the antineoplastic agents according to their hepatic dlsposilion end 
their hepatotoxicity in man (63). 

Drug class Hcpatlc metabolism Biliary ---- excretion Hepatotoxlci:y 

Alkylating agents a 

-- 

BCNU -1- f 4- 
CCNU -I- 4- - 

? Melhyl-CCNU +. 
Busulfan + ? - 
Chlorozolocin ? 7 7 

7 + Streptozotocin 7 
DTlC + 
Cyclophosphamide + 7 

Adriamycln + + - 
Asparaginase ? ? -t 
Bleomycin + 
Daunomycin 3. + 
Mlthramycin 7 7 f 
Mitomycin C 4- + 7 
RubIdazone + 4- - 
Azathioprine + - + 
Methotrexate + 
&Mercaptopurine + 
Vincristine + + 
Vinblastine + + 

+. -__. 

- - - 
Antibiotics 

7 - - 

Antimetabolites 

4- + - + 
Mitotic Inhibllors - - 
a BCNU = 1,3-bis(2-chloroethyI)-t-~ltrosourea, CCNU = 1-~2-chlorocthyl3-(4-methylcyclohexyl)]-l-nit- 

rosurea, DTlC = 5-(3,3diinethyl-1-triareno)-imldazDle-4-~arboxamid~. 
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Sot only SCEs, but also chromosonie used in hospitals. One agent that has 
caused much concern is heFachlorophene. 

Ethylene oxidrr 

PtOpmtieS and occurrence 

gaps, have been reported to be more fre- 
queiit in nurses handling cytostatic drugs 
ihnn in hospital clerk- (89). Thc chromatid 
gap in itself may not represent serious 
chromosome damage, but an increase in 
!hc frccluency of such paps indicates ex- 
pasure io mutagenic agents (7). 

All of these findings suggest that hand- 
ling cytostatic drugs constitutcs a possible 
health hazard. Therefore protective mea- 
sum should be taken when cytostatic 
drugs are handled. 

Summary and recommendations 

Although the clinical toxicity of antineo- 
plastic drugs has been well documented, 
there is little information about the pro- 
blems that may arise immediately after 
such agents are handled. 'Many of these 
drugs directly irritate the skin, the eyes, 
the mucous membranes, and other tissues. 
If handled without due carc, most anti- 
cancer drugs can cause toxic or allergic 
local reactions or both. In addition the 
risks of carcinogcnicity and mutagenicity 
should always bc kept in mind by the 
personnel who administer these diygs. A 
scnsitiw monitoring procedure showcd 
that the concentrated urine of nurses who 
handle cytostatic drugs had mutagcnic 
activity (28). Two studies reported slightly 
increased frcquencics of SCEs in tho lym- 
phocytes of nurses handling cytostatic 
drugs (70, 89). In light of the present 
evidence, precautions should be taken 
when anticancer drugs are handled in hos- 
pitals. In gencral, the staff menibers of 
oncology units should avoid direct contact 
with these drugs by wearing protective 
gloves and facc masks. Fume cabinets 
should be used when capsules and sus- 
pensions are being prepared. 

CHEMiCAL STERILANTS 

Sterilization aims at the total destruction 
of all forms of microbial life. A number 
of chemicals have been used for this 
purpose (cg, ethylene oxide, formaldehyde, 
Propylene oxide, glutaraldehyde, methyl 
bromide, 8-propiolactone, etc). Furtlier- 
more, a numbcr of antimicrobial agents 
that inhibit the growth of bacteria is 

At room temperature and atmosphcric 
pressure, ethylene oxide is a colorless gas. 
The mean concentration at  which odor can 
be detected is about 700 ppm (1,260 mg/m5) 
(10). Ethylene oxide is highly reactive and 
potentially explosive when heated. So 
that the risk of explosion can be reduced, 
ethylene oxide is often mixed with other 
substances, eg, 12% ethylene oxide and . 
88 VO halocarbon. Ethylene oxide, a high 
volume chemical, is used primarily in . 
chemical plants, where it is first produced 
and then used for intermediates. But 
ethylene oxide is also used as a chemical 
sterilant in hospitals (6G). Reviews of the 
health hazards of ethylene oxide have re- 
cently been published (24, 67). 

Mutagenicity, carcinogenicitg a i d  
teratogenicity 

Ethylene oside is known to be mutagenic 
in a number of test systems (24, 66, 671, 
and it binds cosalcntly lo DNA. For this 
reason the US Nation21 Jnstitutc fur Oc- 
cupational Safety and Health has con- 
cluded that occupational exposure to 
ethylene oxide may increase the frequency 
of mutations in an exposed human popula- 
tion (66). 

Only recently, a long-term inhalation 
study of rats was completed. The_ animals 
were exposed to ethylene oxide in con- 
centrations of 10, 33 and 100 ppm for 6 h/d, 
5 dweek, for about 2 a. At the end of the 
experiment, the incidence of mononuclear 
cell leukemia in female rats was dose- 
related, and it increased linearly with in- 
creasing concentrations of exposure. Male 
rats also had a hi; lu frequency of 
mononuclear cell leukwiia, an earlier out- 
come, or both. Peritoneal mesothelioma 
was reported to bc treatment-related in 
male rats exposed to 33 and 100 pprn (81). 

By subcutaneously injecting ethylene 
oxide (weekly dosagcs of 0.1, 0.3, or 1.0 nigl 
animal), Dunkelberg (21) obtaincd sar- 
coinas at the injection site. Sarcomas were 
not found in the controls. 
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In 1979 Hogstedt et a1 (46) reported the 
results of a retrospective mortiility study 
of workers employed at a Swedish ethyl- 
ene oxide plant. Nine deaths from cancer 
were found, whereas 3.4 were expected. 
With regard to cause-specific mortality, ul,d tecomlnendations two leulwmia dcaths were found, versus 
0.14 expected. The levels of exposure were Ethylene oxide has caused significant in- 
estimated to have '0-50 mdm' (6- creases in mononuclear cell leukemia in 

rats. The mutagenicity of ethyIene oxide 28 ppm) in the 1950s and 19GOs. 
In another survey Hogskdt et al (47) has been demonstrated convincingly. Epi- 

reported an investigation . of leukemia demiologic findings suggest an association 
among workers P~siblY exposed to ethyl- between ethylene oxide and leukemia. The 

-ene oxide a t  a Swedish factory where a 
mixture of 50 "/o ethylene oxide and 50 % compatible with the of cancer 
methyl formate had been used since 1g68 found among workers exposed to ethylene 
to sterilize hospital equipment. Between oxide. 

and one man) from a workforce Of 230 
Persons had contracted leukemia ( O m 2  ex- 
pected). The 8-h tie-weighted average lowest possible level. 
concentration of ethylene oxide in the 
breathing zone was estimated t o  have been 
20 (SD 10) ppm. Formaldehyde 

The teratogenic potential of ethylene 
oxide has been tested in mice (54). The 
results indicatc that ethylene oxide is a 
teratogen in mice when administcrcd in- 
travcnously in a dose of 150 mg/kg each 
day on days 6-8 of gestation. 

Oca~patiotral crposure i n  hospitaIs 

Garry et a1 (33) studied people working 

measured ambient concentration of ethyl- 
ene oxide in the sterilizer room was 
36 ppm. Four exposed persons who 
reported upper respiratory and neurologi- 
cal symptoms also had significantly in- 
creased frequencies of SCEs in their Mutagenicity, carcinogenicity and 
lymphocytes. Similar increases in SCEs teratogenicitu 
have been found by other authors (55, 67). 
Chromosome aberrations have also been Formaldehyde is mutagenic to bacteria 
found in persons accidently exposed to yeast and to the fruit fly (27). It induces 
high concentrations of ethylene oside (23). * SCEs in Chinesc hamster ovary cells and 

A recent Swedish study found cytogene- in cultures of peripheral human lympho- 
tic damage in workers exposed to fairly cytes. Chromosome aberrations have been 
low concentrations of ethylene oxide (45). found in mammalian cells, in plants, and 
Fifteen of 28 cxposed persons had never in the spermatocytes of both grasshoppers 
been exposed to ethylene oxide levels ex- and fruit flies which have been tested with 
ceeding 1 ppm as an 8-h time-weighted formaldehyde. 
average. The other 13 persons had been 
exposed to somewhat higher levels for up AIlininl catcktogenicity studies. The Chem- 
to 2.5 a before the investigation, but how- ical Industry Institutc? of Toxicology 
ever their exposure had never exceeded sponsorcd a study, conducted by Battelle 

5 ppm. The effect of ethylene oxide on 
the frequency of micronuclei in peripheral 
lymphocytes was even more pronounced 
than that of smoking, 

inference fron, 

1972 and 1977, three persons (tlyO women On the basis of the presented findings, 
prudent health policy would require that 
exposure to ethylene oxide be kept at the 

Propertias and occurrence 

Formaldehyde is a liighty reactive, color- 
less, flammable gas. In hospitak, formal- 
dehyde is used both as a chemical sterilant 
and as an aqueous solution in patliology 
laboratorics. In some countrics, lormaldc- 
hyde is used in cmhalming fluids. Outside 
the hospital environment, formaldehydc 

in the particle-board and plywood in- 
dustry, etc (68). 

The toxicity of formaldehyde has been 
reviewed recently (25, 26, 68). 

in a hospital sterilization facility. The has widespread use in the paper industry, 
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C,,!,lmbus Laboratorics, which was thc 
6rr) to show cvidcnce for the carcinoge- 
.:.,it.itg of formaldehyde. Aftcr 24 months of 
avprsurc to 15 ppm of formaldehyde, 93 
4 230 rats developed squamous cell car- 
Jnoms of the nasal turbinates. TWO rats 
rapxed to 6 ppm and two mice exposed 

1 j ppm of formaldehyde also dcvcloped 
5ql;amous cell carcinomas o f '  the nasal 
(iirbinates (67). 

Studies done a t  the New York Univer- 
.+I>- Medical Center confirm the findings 
of the Chemical Industry Institute of Toxi- 
cology. In these studies, hydrochloric 
acid, also a potcnt irritant, was used as 
the exposing agent. Hydrochloric acid 
alone did not produce cancer (86). 

Epidemiologic studies. Three cases of 
cancer in the nasal cavities, the sinuses; 
or the nasopharynx were reported among 
Danish doctors during the period 1943- 
1976 (49). None of them had worked in 
a pathology department. 

In the United States excess primary 
liver cancer and lung cancer havc been 
-ported among pathologists when coni- 
p9rcd with radiologists (GO). There is no 
\ v q  of connccting these canccrs cau_sally 
40 formaldehyde cxpposure. - 

I n  summary, the existing epidcrniologic 
Slutlies arc inadcquatc to providc any 
Cvidcnce for tlie possible carcinogenicity 
d fornialdehyde in husinns. 

Otlicr health effects 

'Thc acute effects of formaldehyde in man 
hiive been well documented (69). 
Zion of the eyes, the nose, and the throat 

wsoc;ated .cvith exposure to formalde- 
htclc. Such irritation can lead to lacrima- 
. trOn, sneezing, shortness of breath, sleep- 
Ivssness, a tight chest, nausea, and excess 
phlegm. Most people experience irritation 
af the eyes, the nose, and the throat when 
0.1-3 ppm of formaldehyde is present in 
4hP air. 

Fire nurses working near an artificial 
kidney (hemodialysis) machine developed 
lvhcczing and recurrent episodes of cough 
(!?I. The formaldehyde used to sterilize 

machine \vas reported to hitve caused 
::lis rcspiratory distress. 

ilerrnatitis caused by formdldchyde 
soiutions is a well known problcm (34, 75). 

Irrita- . 

Sumiwwy and reconamendotions 

Formaldehydc can cause DNA damage in 
bacteria, yeast, and mammalian cells. I t  
is mutagenic in many test systems. 
Formaldehyde has induced a rare folm of 
cancer in rats and mice, as reported by 
the Chemical Industry Institute of Toxi- 
cology and by the New York University 
Medical Center. In spite of inadequate 
epidemiologic findings, evidencc of its 
genotoxicity and carcinogenicity in ani- 
mals makes it likely that formaldehyde is 
also a human carcinogen. For this reason 
formaldehyde should be handled in the 
workplace as a potential occupational car- 
cinogen. The US National Institute for 
Occupational Safety and Health has pub- 
lished guidelines for minimizing employee 
exposure to formaldehyde (67). 

. 

Other antimicrobial agents 

Hexachlorophene (Z,a'-methylenebis [3,4,6- 
trichlorophenol]) has been used extensively 
as an antibactcrial and antifungal agent. 

Hexacholorophene can penctrate both 
the skin and the plncental barricr. A local 
application of hcxachlorophene to the skin 
can cause neurotoxicity in animals (73, 85). 
Both positive and ncgativc studies havc 
been pablishcd on tlic tcrnlogcnicity of 
hexachloroplienc in experimental animals 
[see IIalling (st?)]. 

Metabolites of hexachlorophene can bind 
covalently to cellular macromolecules (64). 

Retrospective epidemiologic studies car- 
ried out in six Swedish hospitals have 
raised concern about congenital malforma- 
tions in neonates born to women who used 
hexachlorophene soaps in hospitals (fre- 
quent handwashings together with the ex- 
tensive use of hand creams) (38). Halling's 
original findings prompted a subsequent 
study of the outcome of pregnancy in hos- 
pital personnel by the National Board of 
Health and Welfare in Sweden. In this 
study the perinatal death rates and mal- 
formation in the children of hospital 
personnel were surveyed during 1973- 
1975. No significant differences were 
found, except for an exccss of perinatal 
deaths among thc children of hospital 
personnel in 1973 only (4). A case-referent 
study of 340 children born with oral clefts 
in Finland revealcd no exccss exposure to 
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hexnchlomphcnol among the case mothers 
(43). 
the potential risk linked to the use of 
heinchlorophene is still unclear. 

Sodium o-phenylphenate, a fungicide 
and antimicrobial agent used, eg, in many 
hospital, soaps, has recently been shown 
to cause tumors in the urinary tract of 
rats (44). 

Propylene oxide has been found muta- 
genic in Neurospora.. Drosophila, and Sal- 
monella typhirnuriunr bacteria (72). Pro- 
pylene oxide has also been shown to be a 
carcinogen (21, 90). 

Thus the nature and the level of. 
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DISCUSSION 

Existing knowledge on .occupational haz- 
ards in hospitals has traditionally been 
more concerned with such conditions as 
ionizing radiation or potentially life- 
threatening diseases, eg, hepatitis B, than 
with chemical hazards. However, occupa- 
tional skin diseases are certainly of im- 
portance in hospitals, duc to the use of 
chemicals with irritant properties (such as 
disinfectants and dctergents) or due to the 
allergic dermatoses arising from certain 
metals, aldehydes, anJibiotics, or rubber 
products. In addition to thc usc of reac- 
tive chemicals in disiiiicction and clcaniiig 
proccsses, potent biologically active chcmi- 
cals arp being used in cancer chemofher- 
apy. The use of anticancer drugs in 
cancer chemotherapy is for the benefit of 
the patients, and, in the same context, 
care should be taken not to have any 
unnecessary exposure of the hospital staff, 
the agents alsu having mutagenic, terato- 
genic, and cancer-causing propertics. 

Women form a large proportion of hos- 
pital employees in all countries. Pregnan- 
cy outcome studies have been frequently 
done among operating room personnel in 
many countries. However, such studies 
are almost nonexistent among other oc- 
cupational groups in hospitals. As con- 
cluded also by a recent working group of 
the World Health Organization (92), preg- 
nancy outcome studies of employees in 
areas such as onw!ogy units or those ex- 
posed to chem:. ! sterilants should be 
encouraged. 

Although chemical hazards within hos- 
pitals are legion, epidemiologic studies 
showing risks are infrcqucnt. This lack 

may be CILW to the nonexistence of real 
risks or to the fact that studies simply 
have not been perfarmed or to the wide 
use of chemicals having begun only in the 
late 1960s. Thc most prominent effects 
of occupational chemical cxposurcs detect- 
ed so far have bcen dermatologic prob- 
lems and spontancous abortions among 
operating room personnel. In addition to 
the chemical risks dealt with in this 
review, there are many other potential 
chemical hazards related to, eg, the use 
of plastic biomaterids (19, 39, 62, 74). 
While the well-established infection dis- 
eases must not be forgotten, more empha- 
sis should be placed in the future on the 
possible chemical hazards in hospitals. 
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